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Abstract 
Previous research has hypothesized that framing remains an uncontrolled variable impacting the performance of stakeholders and 
analysts engaging in tradespace exploration, with particularly negative consequences expected during multi-stakeholder 
tradespace exploration (MSTSE).  This paper describes an experiment in which subjects engaged in a two-person negotiation 
using tradespace exploration software, with the goal of choosing a car that they would share.  The control group was given a 
standard tradespace exploration tool and the treatment group was given a modified tool designed to emphasize the relevant multi-
stakeholder aspects of the problem.  Analysis of the resulting data confirms the original hypothesis that multi-stakeholder 
visualization can reduce fixation on the individual cost-benefit Pareto front and improve grasp of “true” gains and losses around 
the best alternative to a negotiated agreement (BATNA) for each participant.  Other outcomes and potential future directions for 
MSTSE experiments are also discussed. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of Stevens Institute of Technology. 
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1. Introduction 
Tradespace exploration (TSE) is an approach allowing for the open consideration of potential alternative 
solutions to a system design problem and is applicable within the “design by shopping” paradigm that is frequently 
used to support decision making on complex engineering systems1.  It is becoming increasingly well understood that 
complex systems typically have multiple relevant stakeholders whose different value statements must be satisfied in 
order to design and field a successful system2.  However, satisfying multiple stakeholders is a challenging task that 
is resistant to attempts at simple aggregation3.  This knowledge implies a substantial need for close scrutiny of 
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current TSE practices with respect to their ability to properly frame an investigation of a multi-stakeholder problem, 
as the original techniques were mostly developed to be applied to single-stakeholder problems.  A critical look at 
these practices is necessary before multi-stakeholder tradespace exploration (MSTSE) can be considered a technique 
that is capable of delivering useful prescriptive insights and find mutual benefit for diverse stakeholders in a real-
world application. 
2. Working Theory 
Previous research has explored the possibility that the problem framing of standard TSE presents a mismatch 
with the objectives of MSTSE4.  In particular, the reference point that is reinforced by the standard tradespace is the 
cost-benefit Pareto front for a single stakeholder.  This is a reasonable position for single-stakeholder TSE, as the 
stakeholder is empowered to select from the Pareto front to maximize their cost-benefit efficiency, if that is what 
they desire (and it often is).  During MSTSE, however, stakeholders must reach an agreement with each other on 
which design point to select.  If stakeholders fixate on the Pareto front, they are consigning themselves to operate in 
the “losses” domain of the perceived value curve of Prospect Theory5, as the realities of divergent interests and 
physical constraints can only force them to decrease in individual efficiency.  This may lead to unnecessary 
rejections of potentially valuable design alternatives, as well as increasing the stress of the decision6. 
The best alternative to a negotiated agreement (BATNA) is considered a critical artifact of any negotiation for 
each stakeholder7.  The BATNA is the individual course of action the stakeholder will take if no agreement is able 
to be reached, and thus marks the border between “true” gains and losses to be had from multi-stakeholder 
cooperation, making it the logical choice as a reference point in MSTSE.  A modified tradespace designed to 
accentuate both the BATNA and the elements of value for other stakeholders has the potential to improve the 
situational awareness of stakeholders participating in MSTSE.  This can be accomplished through a variety of 
means, including re-centering and rotating the tradespace around the BATNA as well as coloring the tradespace by 
tradeoff type for a different stakeholder or fading out designs with low efficiency for other parties4.  Readers are 
strongly encouraged to read Ref. 4 for a complete accounting of the working theory of the relationship between 
negotiation theory and MSTSE.  The remainder of this paper will discuss how this theory was tested using a 
controlled experiment with the visualization type as the independent variable. 
3. Experiment Design 
3.1. Overview 
It is hypothesized that the current practice of multi-stakeholder tradespace exploration systematically reinforces 
an unrealistically optimistic individual reference point, resulting in detrimental negotiation behaviors due to 
misinterpretation of gains and losses by the participants.  To investigate this, we used an experiment, comparing the 
results of a demonstrative tradespace exploration exercise with two participants between a control group using 
traditional tools and a treatment group using alternative tools designed to reduce the impact of the hypothesized 
framing effects. 
An experiment is the method of choice to target these questions for a variety of practical reasons.  First, TSE as a 
design paradigm is rising in popularity but has far from the sort of widespread user base that would support a 
descriptive survey or ethnographical approach, particularly the multi-stakeholder variant which is more commonly 
practiced by high-level decision makers rather than rank-and-file engineers.  A small-N case study of real world 
applications of MSTSE would be more appropriate, but is hampered by the sensitive nature of the decisions made 
with MSTSE, limiting the majority of complex sociotechnical system case studies to be performed on reconstructed 
data sets, which may lose key features of the original framing.   
Fortunately, an experiment is well positioned to achieve the desired goals of this research.  Although mental 
processes are difficult to control experimentally (impeding our ability to control the framing influence of mood, for 
example), visual framing of data can be controlled effectively through the use of the tools given to experimental 
subjects.  If the TSE visualizations that have been used in MSTSE can be modified to reduce the influence of their 
hypothesized framing, subjects given access to these new tools should display differences from a control group (in 
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questionnaire responses and/or task outcomes) that can be attributed to these effects.  The goal of the experiment 
was to identify these differences and see how they align with the current working theory. 
3.2. Subject Selection and Assignment 
The subjects were volunteers taken from MIT undergraduate and graduate engineering programs, restricted to 
students with at least 2 full years of experience in engineering.  Volunteers were sought via mass email and other 
public announcement media.  Though the sample population is one of convenience, raising concerns for external 
validity, engineering students are a reasonable approximation of the most common participants in real applications 
of MSTSE: technical decision makers with an engineering background.  Generalizability is an obvious concern; 
however, many technical decision makers in industry and government come from engineering education 
backgrounds, similar to that of MIT, that influence how they approach analytic problem solving tasks.  Students 
with some experience in engineering analysis (hence, the restriction to a minimum of 2 years of engineering 
education) should roughly replicate those behaviors, giving reason to believe that insights from this experiment can 
apply elsewhere.  Regardless, generalizations of the results of the experiment should still be made carefully, 
particularly when applied to non-technical decision makers. 
Twenty-six subjects volunteered, so thirteen trials were performed: this relatively small sample size is the most 
salient threat to the validity of the experiment.  However, the goals of the experiment were concerned more with 
identifying the direction of impact caused by framing, rather than quantifying an exact effect such as “percent time 
saved” (which would require a larger sample).  All volunteers were randomly assigned into pairs and each pair 
randomly assigned to the control or treatment group.  Assigned pairs were contacted together in order to coordinate 
a time in which both subjects could attend the experiment for a minimum of one hour.  Fully random assignment 
from the volunteer population was used to promote internal validity for the experiment.  Threats to internal validity 
due to potentially uneven distribution of demographics between the test groups were not anticipated, despite the 
limited sample size.  Previous experience with TSE is almost certainly the uncontrolled variable most likely to 
impact a subject’s performance in the task, but the potential for improved exploration is likely counterbalanced by a 
higher chance of attraction to the Pareto front, where most people with TSE experience are trained to look. 
3.3. Protocol 
Subjects were presented with a description of the experiment as "an investigation of multi-stakeholder tradespace 
exploration", along with information of all of the relevant, minimal risks and were asked to sign a standard consent 
form.  After this, subjects were given a short document describing the basics of TSE, along with a description of the 
problem they would solve and their roles in the case.  Previous research has suggested that the use of a short 
instructional video can train people with no previous tradespace experience to find solutions for moderately complex 
problems that approach similar quality to the solutions of TSE experts8.  Because the tradespace for this experiment 
was heavily simplified, it is believed that a brief document covering the use of the tools and the basic goals of 
tradespace exploration and an accompanying walkthrough by a researcher was sufficient for training, though future 
research should verify this assumption.  Subjects in the treatment group received a slightly longer document that 
included example plots and corresponding explanations describing the new visualizations designed for the 
experiment.  All references to framing effects were removed in order to limit potential 'pretest' bias that could 
threaten validity by priming subjects to actively consider framing.  A researcher was present for the entire 
experiment to answer any functional questions (e.g., "How do I do this?") but remind subjects that all decision 
making processes and ultimate decisions are acceptable and up to them (e.g., deflecting any "What should I…?" 
questions). 
The problem the subjects engaged in solving was a notional tradespace exploration between two roommates, Nat 
and Vic, who are deciding on a car to purchase together.  In order to keep the experiments within a reasonable 
length and not unduly load the subjects, the example case was stripped of technical complexity in favor of analytical 
simplicity, allowing participants to focus on interacting with each other and the data.  Future experiments should 
explore the effects of increased technical complexity, though they will likely require more sophisticated and 
experienced subjects in order for results to be meaningful.  The characters in the problem have clearly defined costs 
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and benefits: Nat has agreed to pay the purchase price and cares about the car's reliability rating (on a scale of 1-10), 
and Vic has agreed to pay for all future gas (thus "paying" for gallons per mile) and desires a car with as high a top 
speed as possible.  Note that the “benefit” attributes were used directly, rather than through a utility function, as is 
common in many TSE applications.  This allowed the subjects to supply their own subjective utility without 
requiring an explanation of the mathematics underlying utility theory (besides the fact that imposing a utility 
function on a subject when there is only one dimension of benefit is of dubious usefulness anyway).  The tradespace 
was constructed of 100 design points, corresponding to different available cars, each graded on all four of the 
relevant value dimensions.  Subjects visualized the data using VisLab, a MATLAB® software package designed for 
interactive tradespace exploration.  VisLab was developed in approximately three six-month periods (with sporadic 
work in between) at the Systems Engineering Advancement Research Initiative (SEAri) at MIT, and was augmented 
specially for this experiment. 
 
 
Fig. 1. The control (left) and treatment (right) tradespace views. 
The experimental treatment differentiating the two groups was in the control of the VisLab "dashboard", which 
was customized for each group to allow for access to different views of the data.  The control group was given 
access to the basic tradespace exploration tools and views that have been used in traditional individual TSE and 
previous MSTSE explorations.  The standard VisLab tradespace viewer is shown on the left of Fig 1.  The treatment 
group had access to the same tools, but with the 'default' tradespace viewer replaced by an updated view designed to 
emphasize the BATNA (which is explicitly defined for each subject in the problem description and role assignment) 
over the individual Pareto front, shown on the right.  Readers are strongly encouraged to read Ref. 4 for a complete 
discussion of the reasoning behind the alternative visualization.  The changes were: (1) graph centered and rotated 
with BATNA on the origin, dividing the solutions into four quadrants (2) color is tied to the quadrant each design 
occupies in the other stakeholder’s tradespace, and (3) designs increase in transparency as cost-benefit efficiency (as 
measured by Fuzzy Pareto Number10) decreases for the other stakeholder. 
 
The other VisLab tools available to the subjects were: 
x Favorites Manager – Stores designs of interest as ‘favorites’ and plots them in the tradespace with a special 
marker that is customizable in shape, color, and size.  Favorites can also be batches of multiple designs. 
x Filter Tool – Allows for identification of batches of designs sharing one or more logical properties (e.g., cost less 
than X).  Batches may be saved directly as favorites for further analysis in the tradespace viewer.  
x Comparison Tool – Places specified designs side-by-side in a table displaying all of their associated attributes in 
the database.  Also allows for the specification of a ‘baseline’ design, then coloring the table entries for other 
designs based on whether they are higher or lower than the baseline. 
 
Subjects were allowed to utilize the available tools and communicate with each other in any way they wanted for 
thirty minutes, at which point, if they were not finished already, they were prompted that they had ten more minutes 
to either agree on a design choice or choose to leave the negotiation if they felt that they would be better off with 
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their BATNAs.  During the experiment, observations were recorded of the verbalized interaction between the 
subjects, including tone, offers, counteroffers, and final decision, along with the times at which they occurred. 
Immediately after concluding the MSTSE task, the subjects were given a short questionnaire, which was 
developed and revised through pilot testing on four groups with varying familiarity with the VisLab software and 
TSE.  The questionnaire began with some simple demographic questions, asking for potentially pertinent 
information such as age, gender, education, and previous exposure to tradespace exploration.  The second part of the 
questionnaire was designed to capture the participants’ impression of the problem (particularly the number of 
mutually beneficial and mutually acceptable solutions), their partner (in attitude and cooperativeness), and the 
position for success that they were placed in (with regards to tools and understanding of their own and their 
partner’s problem).  A few open response questions were included to allow subjects to elaborate where they desired. 
4. Experiment Results 
4.1. Questionnaire 
The closed-form part of the questionnaire that the subjects filled out upon completing the task proved to be the 
least interesting source of data for the experiment, as the small number of samples and relatively subtle difference 
between the control and treatment groups limited the ability to draw statistically significant inferences from the data.  
For example, of the twenty-one questions answered on a Likert-type scale, none showed a difference between 
control and treatment significant at the p<0.05 level for a two-sided Student’s t-test.  Testing for differences 
between the two roles in the case resulted in only one significant difference, corresponding roughly to the 
anticipated rate of spurious correlations.  It is worth noting that despite the inconclusiveness of these results, a 
majority of the questions displayed the anticipated directionality of difference between the control and treatment 
group, including all of the questions in the blocks on “understanding the problem”, “problem difficulty”, and “tools 
satisfaction”.  This lends credence to the belief that a larger sample size (or more exaggerated difference between 
the groups) could yield positive results in a future experiment. 
The open response fields of the questionnaire provided a variety of different insights into the mindset and 
experience of the participants.  Marginally statistically significant differences (p=0.077) were observed between the 
two roles of the case with Vic reporting more designs preferable to his BATNA than Nat.  The case was intended to 
be as symmetric as possible without appearing trivial or manufactured, so this result is somewhat surprising.  The 
benefit-cost tradespaces of the two roles had similar numbers of designs in each quadrant, so a difference between 
the two is likely an effect of the difference in shape of the Pareto front (as the first or second most prominent 
reference point, depending on the treatment of the group).  Nat’s tradespace has a slightly more pronounced “knee” 
in the curve of Quadrant 2, which may be causing this outcome.  Further research into the effect of tradespace shape 
on stakeholder perception is warranted before conclusions are drawn on this matter. 
One question asked the subjects to draw the region of the tradespace that they preferred to their BATNA on a set 
of benefit-cost axes.  Generally, it appears from the responses that the treatment groups had a better grasp of the 
BATNA, with twelve of thirteen responses indicating that the entirety of Quadrant 2 (containing all the strictly 
superior car choices) was preferable to the BATNA.  Table 1 summarizes the results of this question by categorizing 
responses in terms of the areas highlighted.  Note that one response in the treatment group was illegible and omitted 
from this summary. 
The traditionally “rational” response to this question would include all of Quadrant 2 and optionally the Pareto 
Front (and near-front) designs of Quadrants 1 and 3, where the tradeoff between cost and benefit is highly favorable.  
This pattern was indicated by five control subjects and twelve treatment subjects, which suggests a significant 
difference (p=0.0095) between the control and treatment groups using Fisher’s exact test.  A typical “rational” 
response is shown in Fig 2 for both the control and treatment groups (note that the BATNA axes were hand-drawn 
by the subject to describe their answer on the control side). 
The open feedback received from the subjects consisted almost exclusively of (A) positive remarks on the 
usefulness of TSE and the interactive interface to assist in negotiation and (B) recommendations for small user-
experience improvements that could be made for VisLab (e.g. box-select, nested favorites, etc.).  A few subjects 
expressed confusion over the act of negotiating without the ability to withhold private information, demonstrating 
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that the Full, Open, and Truthful Exchange principle for developing mutually productive bargaining can remain a 
sticking point for aggressive negotiators9. 
Table 1. Preferred Regions of the Tradespace 
Condition Control Treatment 
Number of Responses 12 13 
Areas Highlighted   
Quadrant 1 3 0 
Quadrant 2 6 12 
Quadrant 3 0 0 
Quadrant 1 (Pareto Front Only) 4 4 
Quadrant 2 (Pareto Front Only) 3 0 
Quadrant 3 (Pareto Front Only) 3 6 
Other 1 1 
 
 
Fig. 2. Example “rational” responses on the control (left) and treatment (right) questionnaires  
4.2. Offers and Final Agreements 
The final decisions of the groups are highlighted in the treatment tradespace view in Fig 3, with control-only 
selections in blue, treatment-only selections in red, and both-conditions selections in magenta.  All thirteen trials 
ended in a successful agreement.  Moreover, no statistically significant differences were found between the control 
and treatment groups in either the time in which agreement was reached, nor in solution quality as measured by the 
average and worst Fuzzy Pareto Number (FPN)10 of the chosen car, suggesting that teams in both conditions were 
able to find and agree upon the ‘good’ solutions.  This was intentional: the problem was intended to be simple 
enough that the allotted time was sufficient for a full exploration of the tradespace in either condition.  The final 
agreements of each trial and associated information are shown in Table 2. 
Despite the lack of statistically significant conclusions to be pulled from the final agreements, there are 
nevertheless some interesting features of the chosen solutions.  Design IDs 11, 80, and 86 are the only three choices 
in this problem that occupy Quadrant 2 for both stakeholders, making them obvious choices for focal points of 
discussion as strictly-superior solutions over failure to reach agreement.  Four of seven treatment trials chose one of 
these designs, compared to only one of six control trials, suggesting a greater emphasis on this type of hill-climbing 
solution in the treatment group.  The FPN minimax solution, which would be the target of most optimizers, was 
selected only one time.  The count of solutions in each quadrant is nine in Quadrant 1, fourteen in Quadrant 2, but 
only three in Quadrant 3, suggesting a bias in favor of higher-cost, higher-benefit tradeoffs than the inverse.  In fact, 
this may understate that bias given that the three Quadrant 3 solutions were three separate trials that chose Design 
42, which was the sixth-best FPN minimax solution and the best FPN minimax solution with at least one stakeholder 
in Quadrant 2, where most attention was directed.  Very little other attention was paid to Quadrant 3, possibly 
indicating that stakeholders are more inclined to improve benefits than they are costs: future research could explore 
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this in more detail, but it matches roughly with the observation of “gold-plated” solutions in the real world, where 
money is thrown at a problem in order to get every stakeholder an increase in value.  This behavior is also apparent 
in the fact that five of the six trials where one stakeholder finished in Quadrant 1 had both finish in Quadrant 1. 
 
 
Fig. 3. Nat (left) and Vic (right) tradespaces, with final selections marked  
Table 2. Final Agreement Information 
Trial 
Number 
Condition Final 
Agreement 
Design ID 
Time of 
Agreement 
(min) 
Average 
FPN 
Worst 
FPN 
Both in 
Quad 2 
FPN 
Minimax 
Solution 
Modal 
Solution 
(Quad 2 
minimax) 
Num. 
Stakeholders 
in Quad 1 
1 Control 34 13 6.8 12.0    1 
3 Control 44 29 6.0 12.0    2 
4 Control 42 29 5.6 8.8   X 0 
6 Control 56 35 14.7 21.4    2 
8 Control 26 23 1.7 2.9  X  2 
12 Control 11 24 12.4 14.7 X   0 
2 Treatment 42 29 5.6 8.8   X 0 
5 Treatment 80 12 11.1 14.7 X   0 
7 Treatment 11 33 12.4 14.7 X   0 
9 Treatment 86 31 9.6 12.0 X   0 
10 Treatment 42 31 5.6 8.8   X 0 
11 Treatment 62 31 6.0 11.9    2 
13 Treatment 80 14 11.1 14.7 X   0 
 
Beyond the final agreements, definite patterns differentiating the control and treatment groups emerge when 
considering the designs offered before agreement was reached.  As expected, control teams made more offers on or 
near the Pareto front, typically moving farther off the front as time passed until an agreement was reached.  
Treatment teams were more likely to begin near the center with the BATNA and the three dual-Quadrant-2 choices, 
and spiral out as necessary to test other options and search for more favorable tradeoffs.  Fig 4A shows the trajectory 
of offers made by Nat on his tradespace for all thirteen trials as of minute 26, with control trials (left) and treatment 
trials (right).  The control tradespaces appear to have a considerably more exhaustive search pattern that spans the 
Pareto front, while most of the treatment tradespaces are clustered more heavily in the center of Quadrant 2.  The 
same patterns hold when looking at Vic’s offers in Fig 4B, though this time there is one highly clustered control 
subject and a few subjects that never attempted to reach the true Pareto front, but rather started one “layer” of 
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dominance in.  The time chosen for the snapshot of each of these figures was simply the one that showed the pattern 
most clearly. 
 
 
Fig. 4. Nat (A) and Vic (B) offer trajectories, with the 6 control trials on the left and 7 treatment on the right  
Unsurprisingly, the control and treatment groups were not strictly separated in terms of their preference for 
Pareto-focused versus Quadrant 2-focused exploration; rather, most trials mixed and matched some of both 
techniques.  The overall trend is one that moves away from Pareto-focus after switching to the treatment, confirming 
the hypothesized effects of the new visualization.  However, this does appear to come at a cost of a more clustered, 
local investigation of Quadrant 2 and less exploration of the tradeoff Quadrants 1 and 3, which runs counter to the 
overarching goals of MSTSE and tradespace exploration in general.  While a modified tradespace view like the 
treatment in this experiment may successfully un-anchor stakeholders from their Pareto front, application of the 
technique may require additional emphasis on tradeoffs and exploration in order to encourage stakeholders to 
adequately consider all the available design alternatives. 
4.3. Observational Coding 
Observational records of the on-screen behavior and verbal communication of the subjects were coded, to see if 
differences in negotiating behavior were noticeable between the control and treatment groups.  Using a rank-sum 
test on the number of observed instances in each trial, significant differences (p<0.05) between control and 
treatment were found in the codes of Pareto front focus, Quadrant 2 focus, and negativity about prospects of success.  
Additionally, there was a significant difference between the Pareto focus and Quadrant 2 focus within both the 
control and treatment groups.  This corroborates the observations made on the sequences of offers, with the focus of 
the control group more on the Pareto front and the treatment group more on Quadrant 2.  Additionally, all 
expressions of negativity were limited to four control trials, with none in the treatment trials.  This code was 
intended to capture statements similar to “This isn’t going to help; none of these will work for you,” as expressed by 
a subject during Trial 12, vocalizing a defeatist mentality towards the prospect of a productive agreement.  This 
supports the hypothesis that operating in the “losses” domain off the Pareto front creates a negative environment for 
negotiation. 
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A few other codes are interesting enough to remark on despite have too small a sample size to reach statistical 
significance.  Confusion over the directionality of costs and benefits occurred in four of six control trials, but only 
two of seven treatment trials.  It is possible that a greater emphasis on the BATNA early in the MSTSE process 
forces stakeholders to engage and understand those concepts better up front.  The same split was observed for 
viewing the problem as an optimization, by explicitly engaging in a maximize-benefit or minimize-cost activity for 
some amount of time.  This can be considered to go hand-in-hand with a Pareto front focus, which is essentially a 
multidimensional optimization problem, but again can detract from understanding the BATNA as an appropriate 
reference point.  Finally, treatment teams made eight appeals “outside the case” to only one for the control teams.  
This suggests that the treatment group was more inclined to view the problem creatively, citing information not 
included in the case description (most often gas prices and speed limits) as justifications for making tradeoffs.  This 
type of creative behavior is valuable in tradespace exploration, which is frequently iterative and supports the 
incremental improvement of models and assumptions, and it is encouraging to see that the treatment visualization 
appears to spark this mindset. 
4.4. Other Results 
One feature that arose multiple times was that of a sort of ‘activation energy’ required to make a decision.  
Different teams, in both conditions, had discussions about whether or not the cars in Quadrant 2 for both people (11, 
80, and 86) were worth picking at all, despite being numerically superior to the BATNAs.  To some extent this is 
unsurprising, since these three designs were deliberately set to be only slightly better than the BATNAs so that they 
would not be obviously superior to the other potential choices and thus make the task trivially easy.  Despite this, the 
idea that working alone and taking the BATNA could be superior to these choices (usually citing simplicity as a 
rationale) was not intended, yet frequently mentioned.  Teams 3, 6, 9 and 10 all had this discussion, and only Team 
9 ended up choosing one of those designs.  Often, the designs were talked down as “barely better” or with phrases 
like “I can’t really see the difference”, and accompanied by a plan to further explore Quadrants 1 and 3 in search of 
better tradeoffs.  This may be an example of the idea of just-noticeable differences, which has recently been 
extended into the field of visual analytics11.  This phenomenon may also be correlated with the observed tendency 
for the control group to explore Quadrants 1 and 3 more than the treatment group: the re-centered tradespace axes 
may make the differences more noticeable and thus (in this example) make the designs look better by comparison to 
the BATNA.  Further research into the impact of tradespace visualizations on the perceived differentiation of 
alternatives could improve the display of information needed to make tradeoffs effectively in MSTSE. 
Team 5 was fastest to reach agreement at only minute 12.  During their debrief, Vic said that “this would have 
been a lot more difficult if there were no cars [that were in Quadrant 2 for both people]”, which Nat quickly agreed 
with, stating that they spent the last four minutes doing back of the envelope estimations of driving distances and gas 
prices only because it felt odd to finish so quickly.  The workflow of the team went from (1) filter on the four 
BATNA criteria, finding designs 11, 80, and 86, (2) look at the tradespace with the three designs highlighted, (3) 
bringing the three designs up in the comparison tool, and (4) choosing design 80 as the “compromise” between 11 
and 86.  No effort was made to investigate tradeoffs, as both subjects interpreted the task directly as “improve all 
attributes”.  This is an excellent example of the effects of having negotiators agree completely on the underlying 
purpose and decision criteria of the negotiation, leading into a speedy agreement that, by their own admission, 
seemed trivially easy.  This outlook on negotiation is something that can potentially be influenced by framing in the 
problem formulation stages, implying that the setup phases of MSTSE should be leveraged to align the stakeholders’ 
understanding on high-level negotiation objectives before the tradespace is actually visualized or explored. 
Usage of color and transparency amongst the teams in the treatment condition varied, as there were no 
requirements on when, how, or if those features should be used.  The most common strategy was to leave them off 
for general exploration, turning them on only when looking to get information on the other stakeholder for a specific 
design or group of designs.  Only Team 10 chose to leave both color and transparency on for the entire task, and 
they also displayed the strongest un-anchoring response to the Pareto front.  After spending a considerable amount 
of time discussing color, including finding the 11/80/86 trifecta visually as the only Quadrant 2 and cyan-colored 
design points, discussion turned to creating more value than those designs could provide.  In addition to both 
participants verbalizing a strong understanding of the different types of tradeoffs associated with each quadrant, Nat 
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on multiple occasions referred to designs as “on my Pareto [front]” that were simply near the front and dominated 
only by solutions unacceptable to Vic.  Nat eventually traced a curve over the tradespace with his mouse, calling it 
“my Pareto”, that ignored many of the more transparent and/or purple (Quadrant 4) designs, demonstrating a lack of 
fixation on the individually valuable but group-infeasible designs on the true Pareto front.  It is possible that if the 
color and transparency settings were set to always-on for all treatment trials, other teams would have followed steps 
similar to Team 10 and displayed even less fixation on the Pareto front than they did with the toggle ability. 
5. Conclusion 
The purpose of this experiment was to explore the use of tradespace exploration in a negotiation setting, seeking 
evidence to support the working theory on the relationship between visualization framing and MSTSE and to 
uncover unanticipated effects or interactions with the modified visualizations.  Even with the limited available 
sample size, statistically significant differences between the control and treatment groups were shown for (1) focus 
on Pareto front, (2) focus on Quadrant 2, and (3) ability to “rationally” answer which designs were preferable to the 
BATNA.  All of these differences were in line with the working theory and suggest that new visualizations can 
potentially improve the practice of MSTSE when they emphasize relevant negotiation constructs.  Considerable 
other evidence supporting the theory was presented via qualitative analysis of the final agreements and offer 
trajectories, in addition to observation of the language and techniques employed by the subjects. 
This research will continue with more work on the concept of framing in MSTSE, particularly the role of 
problem definition and setup with respect to fostering effective early communication of value statements and 
negotiation objectives.  Also of key interest is the possibility of including additional tasks or features intended to 
support the exploration objectives of MSTSE and investigate high-value tradeoffs, preventing over-committal to 
strict improvement (Quadrant 2).  Other potential future research topics that were identified during this experiment, 
including just-noticeable differences in TSE, effects of tradespace shape on perceived value, and mechanisms 
behind high-cost-high-benefit solution biases, may all be added in at a later date. 
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